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ABSTRACT

Sondgerath, Travis C. M.P.H., Purdue University, May 2013. Sanitation Infrastructure, Medicinal
Plant Use, and Diarrhea in Rural Costa Rican Communities. Major Professor: David Black.
Diarrhea is estimated to be responsible for 3.3 million deaths a year and is particularly
problematic in the developing world among children. The Millennium Development Goals
established by the United Nations has set a goal of reducing mortality among children by two
thirds during the new millennium. Due to the nature of diarrhea it is often difficult to study its
patterns, distribution, and determinants thus creating a challenge to solving issues related to
diarrhea
This study presents an analysis of the relationship between diarrhea and sanitation
infrastructure and medicinal plant use in 4 rural Costa Rican communities. Over the past few
decades, access to clean drinking water and municipal piping has increased dramatically in Costa
Rica. This study reaffirms the protective effect imparted by sound sanitation infrastructure on
diarrhea that is established by previous studies (OR = .305, .098-.951). This study also presents a
re-evaluation of the original study instrument and proposes changes that could be made to
improve the results of the original study. This study should serve as a guide for inexperienced
researchers in the future.
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CHAPTER 1

Introduction
People think of diarrhea as simply an episode of watery or loose stools. But even among
healthcare professionals and researchers there is little agreement with respect to the criteria
and definitions used to determine what constitutes a case of diarrhea (Sellin, 2001). With
respect to collecting data on diarrhea in study populations, numerous instruments have been
used to assess the presence of diarrhea; the Center for Disease Control (CDC) instrument used in
a study carried out by researchers from the University of North Carolina, where they defined a
case of diarrhea as “two or more loose stools in a single day or the presence of blood in the
stool at any time” (Denslow et al., 2010, p. 3). A literature review conducted by Bern et al.
(1992) found that studies have classified diarrhea as; greater than three loose stools in a single
day, greater than 4 loose stools in a single day, a significant increase in frequency of bowel
movements or a decrease in consistency of stools. Other studies have simply left it up to the
investigator’s judgment to interpret whether or not the subject had diarrhea. Due to the lack of
consensus with respect to the symptomology of diarrhea, the exact mortality burden due to
diarrhea currently is unclear due to a lack of reliable surveillance in many developing countries
(Bochi-Pinto, Velebit, & Shibuya, 2008). Clearly there is little uniformity with regard to the
definition of what constitutes diarrhea. However, even with the wide variation in many studies
with regards to diarrheal definitions, the definition of diarrhea used in different studies has not
affected the pattern of the diarrheal prevalence reported across studies (Bern et al., 1992). In
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order to maintain consistency, it seems clear that all health professionals and
researchers should seek to set at least some common criteria for diarrhea cases rather than
leaving it up to individual judgment.
In the early 1990’s it was reported that diarrhea accounts for 3.3 million deaths per year
worldwide (Bern, Martines, Zoysa, & Glass, 1992). Three-quarters of deaths due to diarrhea
occur in the developing world; which according to the World Health Organization (WHO)
includes Africa, Eastern Mediterranean, Southeast Asia, and the Western Pacific regions among
others (Boschi-Pinto et al., 2008). Death due to diarrhea has decreased significantly, down from
5 million annually to 3.3 million since 1980 (Boschi-Pinto et al., 2008). Many of the deaths due to
diarrhea occur in children under five years of age (Boschi-Pinto et al., 2008). As of the early
1990’s it was estimated that every child has on average 2.6 episodes of diarrhea/year, with
much higher rates among children from rural settings, poor families, and within Latin America
(Bern et al., 1992). However, infants between 6 and 11 months old are estimated to have nearly
twice as many episodes of diarrhea per year when compared to other age groups (Bern et al.,
1992).
The Millennium Development Goals (MGDs) were set in 2000, which established a goal
to reduce overall mortality rates among children under 5 years of age by two thirds (BoschiPinto et al., 2008). Diarrhea is particularly important with respect to reaching the MGDs as
worldwide diarrhea is estimated to be responsible for 1.87 million deaths annually in children
under the age of 5(Boschi-Pinto et al., 2008).
A number of different factors and events have been shown to be associated with
increased diarrheal prevalence including natural disasters (e.g., hurricanes), proximity to
healthcare, and overall education. Common biological causes of diarrhea are listed below in
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Table 1. Due to the number of factors related to diarrhea, it is often difficult to identify the
determinants of diarrhea in any given case. A specific case of diarrhea may be due to any
number of factors and is often difficult to tell if one determinant plays a greater role in
development of diarrhea than another (Roberts et al., 2001). For example, someone may have
obtained drinking water from a contaminated water source and not properly washed their
hands before eating food. In this situation, it is difficult to tell which determinant caused
diarrhea and it is unclear what factor is more or less likely to have caused diarrhea. It has been
shown that interventions targeting changes in drinking water storage and sewage infrastructure
have decreased the prevalence of diarrhea significantly (Roberts et al., 2001).
Table 1
Common Agents Associated with Diarrheal Transmission
Rotavirus spp
Salmonella spp
Shigella
Escherichia colis O’57, H7
Clostridum difficile spp
Giardia spp
Cryptosporidium spp
Vibrio spp
Staphlococcus aureus
Heavy Metals; Copper, Zinc, Iron, Cadmium
Entamoeba histolytica
Source: Heymann, D. L., 2008.
Although it can be difficult to identify determinants of diarrhea, researchers agree that
overall the prevalence of diarrhea worldwide has decreased, yet it is still unclear exactly what is
responsible for this general decline. Significant decreases in diarrheal mortality have been
reported to accompany nation-wide programs targeting issues from breast feeding habits to
domestic hygiene in the developing world (Moll, McElroy, Sabogal, Corrales, & Gelting, 2007).
However, since a steady decline in diarrhea prevalence also was present in countries not
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conducting programs aimed at decreasing diarrhea prevalence, it is difficult to attribute the
decline in diarrhea prevalence directly to the programs focusing on diarrhea in other countries
(Moll et al., 2007).
Costa Rica is unique among the Latin American countries in that its political system has
been stable over the years and is well established (Leboucq, 2010). The Costa Rican lifeexpectancy (76.5 years for males and 81.2 for females) is comparable to average US life spans
(Kennedy & Alfaro, 2012). According to Rosero-Bixby (2004) who conducted a Geographic
Information Systems (GIS)-based study conducted at the University of Costa Rica-San Jose, the
Costa Rican government has increased access to the country’s universal healthcare system by
increasing the number of public health facilities through legislation (692 in 2000). These efforts
have increased the number of Costa Ricans having access to health services from 1.27 million in
1996, to 3.81 million in 2000 (Rosero-Bixby, 2004).
However, even with the added access to hospitals, there are communities that are not
located in reasonable proximity to hospitals (Rosero-Bixby, 2004). The addition of community
health centers and clinics in small communities has helped to bridge the healthcare access gap
for Costa Ricans living in small or rural communities, and also has put an emphasis on preventive
care (Rosero-Bixby, 2004). However, due to the remoteness (4 km away from outpatients
services or 25 km away from a hospital) of many Costa Rican communities, it is difficult to
properly study the impact of community health centers spatially due to the fact that many local
community health centers are not integrated into a national health service network (RoseroBixby, 2004).
Costa Rican policy changes enacted in 2005 improved water quality and increased
access to piped municipal water. Historically, all water utilities in Costa Rica have been
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controlled exclusively by the Costa Rican central government (Portuguez, 2012). In 2005, the
Technical Group of Water (GTA) collaborated between social organizations, government
institutions, and international organizations to pass the Costa Rican National Assembly
(Portuguez, 2012). This legislation allowed river basin regions more authority to manage water
and eventually led to the formation of Community Water Districts (CWDs, Portuguez, 2012).
Community Water Districts are locally-based authorities in charge of the maintenance and
collection of fees for the purposes of water management in that particular community
(“Challenges Faced by the Community Water Districts of Costa Rica,” 2012). The nearly 1600
CWDs in Costa Rica provided water to roughly 1.3 million Costa Ricans (about half of the
population, “Challenges Faced,” 2012). Although CWDs have increased access to clean drinking
water for many rural Costa Rican communities, CWDs still lack visibility as many government
officials and community members are unaware of the existence of CWDs (“Challenges Faced,”
2012).
In Costa Rica plants are often used for a number of medicinal purposes including
anemia, nausea, upset stomach, sleep aid, inflammation, and headache (Bharucha, Morling, &
Niesenbaum, 2006). As described earlier, medical facilities in Costa Rica are often difficult to
access; thus, medicinal plants are often used as a convenient and low-cost option. Medicinal
plants therapy is typically administered by woman in the absence of low-cost accessible
healthcare (Wayland, 2001). However, medicinal plants are not only used when conventional
medicine is not accessible, they also are related to traditional cultural values and local customs
(Wayland, 2001). Women are more likely to use plants for medical treatment and are more
likely to be considered by community members as the authority on medicinal plants (Wayland,
2001). For certain conditions, the use of local healers who employ traditional medicine is not
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uncommon (Simpson, 1988). With regard to professional healers, typically knowledge is passed
down from generation to generation, whereas the methods of every day medical plant use are
passed by word-of-mouth rather than from generation to generation (Bharucha et al., 2006).
Although professional healers typically use plants for medical treatments, medicinal plant use is
often performed by non-professionals (Houtsma, 2012). The use of medicinal plants is not
exclusive to Central and South America, or even to the developing world. In one study it was
found that American non-Latino Whites used herbal medicines just as often as Latinos
(Bharucha et al., 2006).
Medicinal therapy in Costa Rica is administered by non-clinicians such as local healers,
so diagnosis of unique condition whose etiology and definition is poorly understood is common.
For one particular health phenomena unique to Costa Rica called “Pega,” italicized, representing
an adjective in Spanish meaning “sticky;” the use of medicinal plants is often preferred over
conventional medicine (Simpson, 1988). Sticky is an apt term to describe this condition as
patients with Pega experience discomfort due to food becoming stuck in the stomach (Simpson,
1988).
Pega also is characterized by painful knots behind the elbows and knees as well as on
the surface of the abdomen (Simpson, 1988). Other symptoms include vomiting, loss of
appetite, and sunken eyes. Similar symptoms also have been described in a condition called
“Empacho,” which is common in Mexican-Americans and in Honduras (Simpson, 1988).
Empacho is different than Pega in that Empacho is typically accompanied by diarrhea, whereas
Pega is not necessarily accompanied by diarrhea (Simpson, 1988).
Given that the definition of many folk-diagnosed conditions is unclear, it is difficult to
pinpoint if it would be helpful to determine the exact symptomology of these conditions
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through statistical tests of association. Also, the etiology and even definition of what constitutes
diarrhea is unclear even among professionals (Selin, 2001); thus, many patients may erroneously
associate diarrhea with symptoms of Pega (Simpson, 1988). Although diarrhea may accompany
Pega, the presence of diarrhea is not typically a symptom that defines a case of Pega (Houtsma,
2012). A popular folk treatment for Pega in Costa Rica has been the use of a rubbing technique
called “sobada,” italicized, a Spanish verb meaning “massage” or “rub”: which is applied to the
patient’s knots along with herbal tea to soothe gastric distress (Simpson, 1988).
It is worth pointing out that the sobada technique does not differ drastically from
hospital treatments for Pega or other similar conditions. Oral rehydration therapy, similar to
drinking herbal tea, is a common treatment for conditions like Pega in Costa Rican hospitals
(Simpson, 1988). Thus, patients may seek healers as a cheaper or more convenient treatment
option for Pega rather than going to a hospital. Also worth noting is that healers are not
attempting to supplant the use of modern medicine, but are acting as a viable option to
conventional medicine for this particular condition. If a local healer finds that the patient is
afflicted with something more severe than Pega, the healer will recommend that the patient
seeks a doctor (Simpson, 1988).
Study Goals
1. To assess the relationship between sanitation infrastructure and diarrhea
prevalence.
2. To ascertain the impact of medicinal plant use has on diarrhea prevalence.
3. To investigate the impact of medicinal plant use on Pega prevalence.
4. To assess the relationship between Pega and diarrhea to clarify the symptoms of
Pega.
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Although the relationship between sound sanitation infrastructure and diarrhea has
been well established by studies previously mentioned, the association has rarely been studied
in Costa Rica specifically. In addition, the impact of medicinal plants on diarrhea prevalence has
not been quantifiably studied. As there is a lack of clarity with regard to the proper definition of
what constitute the symptoms of Pega, this study also seeks to clarify whether or not diarrhea
should be considered uniformly as a symptom of Pega.

Methods and Procedures
All interviews were conducted in 4 Costa Rican communities; Iroquois, La Esperanza,
Milano, and Pangola. Iroquois, La Esperanza, and Milano are located in close proximity to each
other in Costa Rica’s Limon Province and are situated 80 km Northeast of San Jose. Iroquois and
La Esperanza are neighboring towns bordering up against each other. Iroquois was an
established community; La Esperanza is not yet officially recognized as its own town. Milano is
located 8 km east of Iroquois and La Esperanza and is located near a large pineapple farming
operation. Pangola, the most northerly of all 4 communities, is located in Costa Rica’s San Juan
Province, 20 km south of the Nicaraguan border.
All 4 communities were relatively small and remote. Census data by community was not
available; all 4 communities were relatively small and rural containing no more than 400 homes
each.
Interviews were conducted at the household level; with women being the target
participant of choice for investigators as women are often the primary caretakers of the children
in the home as well as in charge of meal preparation (Bharucha et al., 2006). Whenever possible,
interviewers were asked to speak to the “woman of the house,” when a woman was not
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available or present in the home, men were accepted as interview subjects. Of the 141 homes
across the 4 communities where someone was home, only 4 (2.8%) refused an interview.
After initial contact was made with participants, investigators would explain and allow
the individual to read the consent form written in Spanish before signing and initialing. The
consent form was written based on Purdue University’s IRB specifications (IRB protocol
1204012211). A copy of the consent form was left with participants, and another copy was kept
by investigators. After participants signed the consent form and agreed to an interview,
participants were asked questions from a 15-item survey. All questions were recorded as
nominal values or divided into several subareas comprised of dichotomous questions answered
either yes or no. This made data collection easier for the interviewers as the interviewees were
not filling out the surveys themselves. Interviews were conducted in Spanish and also written in
Spanish in case participants wanted clarification on specific items or wanted to see the actual
survey. Interviews were conducted in Spanish and administered by English first language
students from Purdue University. In order to reduce variability in interview protocol between
different interviewers, items on the survey were worded exactly as they were to be read to
participants. Interviewers were to provide further clarification or information to participants as
prompted by participants.
The primary dependent variable of interest, diarrhea, was measured based on a CDC
instrument as used by Denslow et al. (2010). Participants were asked if anyone in their home
had an incidence of two or more loose or watery stools on the same day over the past 2 weeks,
or if over the past 2 weeks anyone in their home had blood in their stool. If participants
answered “yes” to either of these questions, then their binary response was coded as yes with
regard to diarrhea (see Appendix A, Item 14). Each participant was asked to respond not only
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about themselves but on behalf of everyone else in the household in order to allow
investigators to reach as many homes as possible. This is a common protocol as many health
studies including the Colorado Health Access Survey have used this approach in order to
increase the breadth of their sample population (“About the Colorado Health Access Survey,”
2013).
The independent variables of interest included; sewage infrastructure, medicinal plant
use, medicinal plant use specifically for diarrhea, and Pega. Sewage infrastructure data were
collected as a composite of several binary survey items. Participants were asked if they had an in
home latrine (yes, no, see Appendix A, Item 10). If they answered yes, they also were asked if
they had a septic tank (yes, no, see Appendix A, Item 11). If they answered yes, then they were
asked if in the past year they have had a problem with their septic tank in terms of flooding,
toilet backup, etc. (yes, no, see Appendix A, Item 13). If the subject’s response to both of the
first two questions was “yes,” and “no” to the third, then the household was considered to have
proper sewage infrastructure.
Participants were asked whether or not they typically use plants for any medicinal
purposes (yes, no, see Appendix A, Item 15). If they responded “yes,” then they were asked if
they used any plants specifically for upset stomach or diarrhea (yes, no, see Appendix A, Item
15). If participants did not use medicinal plants, it also was assumed that they did not use plants
specifically for diarrhea and their response was coded as no for that particular item.
Data on the final independent variable, Pega, was assessed by asking participants if in
the past year anyone in their home had Pega (yes, no, see Appendix A, Item 15). The method of
diagnosis of Pega was not asked by investigators. Thus, Pega could have been self-diagnosed,
diagnosed by a local folk healer, or by a physician.
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Household demographic information collected per household as nominal values
included number of residents (Less than 2, 2-3, 4-5, greater than 5; see Appendix A, Item 1), age
of youngest resident (less than 1 year, 1-3, 4-5, greater than 5, none; see Appendix A, Item 2),
property ownership status (rent, own, squatting; see Appendix A, Item 4), source of drinking
water (piping, well, health center, other; see Appendix A, Item 5), storage of drinking water
(narrow mouthed container, wide mouthed container, none; see Appendix A, Item 6). It has
been shown that people who store drinking water in wide mouthed containers (e.g. buckets,
wide mouthed jars) are more at risk for diarrhea through the fecal oral infection rout than those
who use narrow mouthed containers (Roberts et al., 2001). Usual treatment of drinking water
also was included (turbidity, boiling, other, none, see Appendix A, Item 7). Highest level of
education completed by any resident of the household was collected as a proxy for economic
status (little or no formal, primary (1-6), secondary (7-12), university or trade school (see
Appendix A, Item 3).
Statistical Methods
Odds ratios (OR) and 95% confidence intervals were produced using logistic regressions
of the binary outcome (diarrhea) and each of the 4 binary independent variables (proper sewage
infrastructure, medicinal plant use, medicinal plant use specifically for diarrhea/upset stomach,
Pega) in separate models. In order to assess confounders, a full regression model including the
binary independent variable as well as possible confounders (number of people living in the
household, location of the participant, presence of children in the household, age of the
youngest resident in the household, highest level of education achieved by a household
member, property ownership status, drinking water storage method, source of drinking water,
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and treatment method of drinking water) were computed (all logistic variables). Analysis was
performed in SPSS version 19.
Subsequent models were computed after removing each possible confounder from the
full model one at a time, if the removal of the confounder resulted in a change in estimate of
less than .02, then it was deleted from the final model (Greenland, 1989). The change-inestimate criteria of .02 (2%) was chosen as a similar previous study have used this threshold
when studying associations between sanitation infrastructure and diarrhea (Denslow et al.,
2010).
There is some debate regarding setting criteria for change-in-estimate thresholds as
they are sometimes arbitrary (Walter & Tiemeier, 2009). The thresholds also may differ based
on the association being tested; for example a 10% change in estimate may be appropriate
when measuring the association between income and coronary events, but a 5% threshold may
more appropriate for studies concerning socio-economic position and pre-term birth (Walter &
Tiemeier, 2009). By setting the criteria relatively low at (2%), the possibility of excluding actual
confounders from regressions was reduced.
Table 2
Characteristics of Study Participants

Location
Iroquois
La Esperanza
Milano
Pangola
Number of people living in the home
Less than 2
2 to 3
4 to 5
Greater than 5

N

%

81
23
8
29

57.4
16.3
5.7
20.6

7
54
47
29

5.1
39.4
34.3
21.2
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Table 2 continued
Children in the home
Yes
No
Age of youngest resident
No children
Less than 1
1 to 3
4 to 5
Greater than 5
Highest level of education
achieved in the household
None or Little Formal
Primary (1-6)
Secondary (7-12)
University
Property ownership status
Rent
Own
Squatting
Drinking water storage
Narrow Mouth
Wide Mouth
None
Drinking water source
Piping
Well
Health Center
Other

N

%

82
55

59.9
40.1

55
12
18
15
37

40.1
8.8
13.1
10.9
27.0

22
61
39
15

16.1
44.5
28.5
10.9

32
99
6

23.4
72.3
4.4

59
26
52

43.1
19.0
38.0

121
4
1
11

88.3
2.9
0.7
8.0

Table 2 continued
Drinking water treatment
Turbidity
Boiling
Other
None

N

%

14
6
7
110

10.2
4.4
5.1
80.3

In Home Latrine
Yes
No

134
3

97.8
2.2
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Table 3
Study Outcomes
N

%

27
110

19.7
80.3

64
73

46.7
53.3

76
61

55.5
44.5

38
99

27.7
72.3

53
84

38.7
61.3

Diarrhea

Yes
No
Proper Sewage Infrastructure

Yes
No
Medicinal Plant Use

Yes
No
Medicinal Plant Use for Diarrhea

Yes
No
Pega
Yes
No

Interviews were conducted over a three week period in May, 2012. Interviews were
given by bilingual translators whose first language was English. Interviewers were accompanied
by a local resident in all 4 communities surveyed in order to facilitate communication with
locals. Of the 141 households approached for interviews, 137 participants consented to an
interview for a participation rate of 97.2%.
The majority (n = 81, 57.4%) of interviews took place in the Iroquois community,
followed by Pangola (n = 29, 20.6%), La Esperanza (n = 23, 16.3%), and Milona (n = 8, 5.7%),
respectively. The majority of households surveyed had at least one child living in the home (n =
82, 59.9%). The vast majority of households reported that someone in the home had at least
some formal education (n = 115, 83.9%), however less than half (n = 54, 39.4%) of households
surveyed reported that someone in the home had completed education beyond primary (grades
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1-6) education. Almost three quarters of respondents (n = 99, 72.3%) reported that the home
was owned by the current residents. Participants obtained their primary drinking water from
piping (n = 121, 88.3%), wells (n = 4, 2.9%), local health center (n = 1, .7%), or some other source
which was typically noted as participants that were given water by a friend or neighbor (n = 11,
8.0%). Only a small portion of participants reported a specific method of water treatment after
obtaining drinking water (n = 27, 19.7%). Participants typically stored drinking water in narrow
mouthed containers such as bottles or jugs (n = 59, 43.1%). The vast majority of homes
contained a latrine (n = 134, 97.8%), but only half of the homes with latrines answered survey
items in such a way that indicated proper sewage infrastructure (n = 74, 55.2%).
Diarrhea in the previous 2-week period was reported in nearly one fifth (n = 27, 19.7%)
of the homes surveyed. Proper sewage infrastructure constituted by the presence of a latrine in
the home, a septic system, and a lack of recent problems with the septic/latrine system was
reported by nearly half (n = 64, 47.8%) of participants surveyed. Medicinal plant use was
common (n = 76, 56.7%), but only (n = 38, 28.4%) of homes used plants specifically for diarrhea.
The folk diagnosed condition Pega was reported to have occurred over the past year in over a
third (n = 53, 38.7%) of homes surveyed.
The nine possible confounders (number of people living in the household, location of
the participant, presence of children in the household, age of the youngest resident in the
household, highest level of education achieved by a household member, property ownership
status, drinking water storage method, source of drinking water, and treatment method of
drinking water) were computed in 4 logistic regression models to determine the relationship
between the 4 independent variables (proper sewage infrastructure, medicinal plant use,
medicinal plant use specifically for diarrhea/upset stomach, Pega) and the dependent variable
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(diarrhea). Possible confounders were kept in the final model if when removed from the full
model the change-in-estimate between the predictor and diarrhea changed by more than .02.
Table 4
Crosstab Matrix of Demographic Variables and Outcomes of Interest

Diarrhea

Location
Iroquois (n=81)
La Esperanza (n=23)
Milono (n=8)
Pangola (n=29)
Number of people
living in the home
Less than 2 (n=7)
2 to 3 (n=54)
4 to 5 (n=47)
Greater than 5
(n=29)
Children in the
Home
Yes (n=82)
No (n=55)
Age of youngest
resident
None (n=55)
Less than 1 (n=12)
1 to 3 (n=18)
4 to 5 (n=15)
Greater than 5
(n=37)

Proper
Sewage
Infrastructure

Medicinal
Plant Use

Medicinal
Plant Use
for
Diarrhea
f
%

f

%

f

%

f

%

18
4
2
3

22.2
17.4
25.0
10.3

38
13
7
16

46.9
56.5
87.5
55.2

48
13
6
9

59.3
56.5
75.0
31.0

26
7
5
0

0
9
12

0.0
16.7
25.5

4
30
29

57.1
55.6
61.7

3
29
29

42.9
53.7
61.7

6

20.7

11

37.9

15

21
6

25.6
10.9

38
36

46.3
65.5

6
2
5
2

10.9
16.7
27.8
13.3

36
12
18
5

12

32.4
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Pega-Yes
f

%

32.1
30.4
62.5
0.0

34
5
4
10

42.0
21.7
50.0
34.5

1
12
15

14.3
22.2
31.9

1
12
15

14.3
22.2
31.9

51.7

10

34.5

10

34.5

29
47

35.4
85.5

25
13

30.5
23.6

13
25

15.9
45.5

65.5
100.0
100.0
33.3

29
8
9
8

52.7
66.7
50.0
53.3

13
3
5
5

23.6
25.0
27.8
33.3

20
6
10
1

36.4
50.0
55.6
6.7

48.6

22

59.5

12

32.4

16

43.2
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Table 4 continued
Highest level of
education achieved
in the household
None or Little
Formal (n=22)
Primary (1-6) (n=61)
Secondary (7-12)
(n=39)
University (n=15)
Property ownership
status
Rent (n=32)
Own (n=99)
Squatting (n=6)
Drinking water
storage
Narrow Mouth
(n=59)
Wide Mouth (n=26)
None (n=52)
Drinking water
source
Piping (n=121)
Well (n=4)
Health Center (n=1)
Other (n=11)
Drinking water
treatment
Turbidity (n=14)
Boiling (n=6)
Other (n=7)
None (n=101)
In home latrine
Yes (n=134)
No (n=3)

f

%

f

%

f

%

f

%

f

%

5
11

22.7
18.0

10
32

45.5
52.5

12
34

54.5
55.7

5
13

22.7
21.3

9
22

40.9
36.1

5
6

12.8
40.0

24
8

61.5
53.3

23
7

59.0
46.7

14
6

35.9
40.0

17
5

43.6
33.3

7
19
1

21.9
19.2
16.7

20
53
1

62.5
53.5
16.7

16
56
4

50.0
56.6
66.7

7
28
3

21.9
28.3
50.0

10
39
4

31.3
39.4
66.7

11
6
10

18.6
23.1
19.2

33
10
31

55.9
38.5
59.6

36
16
24

61.0
61.5
46.2

21
10
7

35.6
38.5
13.5

22
10
21

37.3
38.5
40.4

23
1
1
2

19.0
25.0
100.0
18.2

70
2
0
2

57.9
50.0
0.0
18.2

70
1
0
5

57.9
25.0
0.0
45.5

37
0
0
1

30.6
0.0
0.0
9.1

47
1
1
4

38.8
25.0
100.
36.4

2
1
1
23

14.3
16.7
14.3
22.8

3
5
5
55

21.4
83.3
71.4
54.5

10
4
3
54

71.4
66.7
42.9
53.5

5
2
1
25

35.7
33.3
14.3
24.8

5
2
3
38

35.7
33.3
42.9
37.6

26
1

19.4
33.3

74
0

55.2
0

76
0

56.7
0

38
0

28.4
0

53
0

38.7
0

Among participants reporting completion of a university education, 40% (n = 6/15)
reported diarrhea. All other educational levels reported much lower prevalence of diarrhea (see
Table 4). Homes that reported no children in the home 65.5% (n = 36/55) reported proper
sewage infrastructure more often than households with children 46.3% (n = 3/82, see Table 4).
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Plant use was similar across most communities surveyed. However, plant use was far less
prevalent among Pangola residents than the other three communities. Only 9 Pangola
participants, (31.0%) reported the use of any medicinal plants and none reported using
medicinal plants specifically for diarrhea. Medicinal plant use was far more prevalent in homes
without children (n = 47, 85.5%) than in homes with children (n = 29, 35.4%, see Table 4). Pega
also was reported more often in homes without children (n = 25/55, 45.5%) than in homes with
children (n = 13/82, 15.9%; see Table 4).
Table 5
Logistic Regressions With Diarrheas as the Outcome

a

Proper Sewage Infrastructure
Proper Sewage Infrastructure
Medicinal Plant Useb
Medicinal Plant Use
Plants for Diarrheac
Plants for Diarrhea
Pega Reportedd
Pega Reported
Note. OR = odds ratio; CI = confidence interval.

OR (95% CI)
.305 (0.098-0.951)
0.423 (0.177-1.007)
1.391 (0.483-4.005)
1.212 (0.516-2.849)
1.284 (0.414-3.981)
1.123 (0.445-2.836)
1.590 (0.565-4.475)
1.625 (0.695-3.798)

a

Controlled for number of people living in the home, Location of participant, Age of youngest
resident, Education, Property ownership status, Treatment method for drinking water.
b
Controlled for number of people living in the home, Location of participant, Age of youngest
resident, Education, Source of drinking water, Treatment method for drinking water.
c
Controlled for location of the participant, Age of youngest resident, Education, Property
ownership status, Source of drinking water, Treatment method for drinking water.
d
Controlled for number of people living in the home, Location of participant, Age of youngest
resident, Education, Source of drinking water, Treatment method for drinking water

Based on the change-in-estimate criteria of 2%, only certain variables were included in
the adjusted logistic regression for each test of association. Three variables were included in all
4 adjusted regression models; age of youngest resident, education, treatment method for
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drinking water (see Table 5). Three variables were present in three out of 4 adjusted regression
models; number of people in the home, location of participant, source of drinking water (see
Table 5). One variable was present in two out of 4 of the adjusted regression models; property
ownership status (see Table 5). Just two variables were left out of all 4 adjusted regression
models; presence of children, drinking water storage method.
Only the relationship between proper sewage infrastructure and diarrhea was
statistically significant (OR = .305 95% CI = .098, .951) indicating a protective effect against
diarrhea when proper sanitation infrastructure is present. The fully adjusted model was
adjusted for number of people living in the home, location of participant, age of youngest
resident, education, property ownership status, treatment method for drinking water. All other
relationships encompassed the null value (see Table 5).
Discussion
The high prevalence of at least some formal education was not unexpected as Costa
Rica’s compulsory education age group is set to six to fifteen years old with 84% of students
completing the last grade of primary education (United Nations Educational, Scientific and
Cultural Organization, 2008). The rates of primary and pre-primary education much higher in
Costa Rica than nearby Latin American countries such as Nicaragua, Honduras, and Ecuador
(United Nations Educational, Scientific and Cultural Organization, 2008). It is however surprising
to see that only 28.5% of participants reported completion of secondary (grades 7-12) when the
national enrollment in secondary education for Costa Rica is 57% as of 2005 (“United Nations
Educational, Scientific and Cultural Organization,” 2008). The steep drop off may be due to the
fact that none of the communities surveyed had a secondary learning institution nearby. All 4
communities surveyed were rural and significant travel would have been required to attend
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secondary school. Although expenditures on secondary education per student as a percentage
of Costa Rican Gross National Product has been relatively high at 5.1% when compared to other
South American nations such as Brazil (4.5%), little attention is paid to the accessibility and
spatial proximity to secondary education (United Nations Educational, Scientific and Cultural
Organization, 2008).
A large proportion of participants reported home ownership (72.3%). Home ownership
was used as a proxy for wealth and social economic position. However the large proportion of
ownership responses may have been due to a different definition of rent versus own among
study participants than ownership as defined by western society. In many rural and poor
communities across Central and South America there are few housing options for the poor.
There is little incentive for private housing development and few publicly funded housing
options (Miraftab, 2002). This has led many to consolidate with others into a single dwelling
(Miraftab, 2002). The fact that one fifth of participants (21.2%) reported that greater than 5
residents occupied the home suggests that multiple families or extended families may have
occupied many of the homes surveyed given that the average Costa Rican household is occupied
by roughly 3.5 residents (“Latin American Economic Outlook 2011: How Middle Class is Latin
America?,” 2010). Participants may have defined ownership as simply not paying rent.
The vast majority of participants reported that their primary drinking water source was
piped (88.3%). A study observing a similar rural population in costal Costa Rica also found that
tap water was the most common source of drinking water, however only half of those surveyed
used chlorination for the treatment of drinking water (Barton, 2002). This study found a similar
trend with a very small portion of participants using any kind of water treatment (19.7%). As
access to piped municipal water becomes more prominent in Costa Rica, it is imperative that
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residents apply treatment to their drinking water as contamination is still possible due to the
amateur installation of in home plumbing that was observed during interviews in this study.
The variable describing sewage infrastructure was a composite of several survey items
including presence of a latrine in the home, a septic system, and recent problems with the
latrine or septic tank including backup and flooding. The absence of a latrine has been shown to
increase the risk of diarrhea, as has latrine overflow (Denslow et al., 2010). This study reaffirms
this trend as proper sewage infrastructure was found to decrease the risk of diarrhea (OR=.305,
CI=.098, .951) after adjusting for number of people living in the home, location of participant,
age of youngest resident, education, property ownership status, and treatment method for
drinking water. The presence of a latrine has been shown to impart a protective effect with
regards to diarrhea only when it properly functions (Denslow et al., 2010). If a latrine does not
function properly, then people may be more at risk for diarrhea than residents of homes that
lack latrines. Although this study reaffirms the protective relationship between proper
sanitation infrastructure and decreased diarrhea prevalence, it is not possible to conclude from
this study’s data that a lack of in home latrine is associated with diarrhea as only three study
participants reported that there was not a latrine in the home.
In the mid 2000’s, using plants for medicinal purposes was extremely popular in Central
and South American and even among Non-Latino whites in the US (Bharucha et al., 2006). Many
communities not only use medicinal plants for various medicinal purposes such as diabetes
(Bailey and Day, 1989) and female reproductive health (Ortiz de Monatellano & Browner, 1985),
but also personally cultivate their own plant for medicinal purposes. In a study regarding the
efficacy of medicinal plants for woman’s reproductive health, it was found that many plants
commonly used for medicinal purposes contain at least one compound that is commonly
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isolated for pharmaceutical purposes or have some established plausible biological mechanism
which may explain their physiological effects (Ortiz de Monatellano & Browner, 1985).
These findings were refuted in this study, at least with regard to the outcomes
considered. Half (n = 76, 56.7%) of participants surveyed reported using plants for medicinal
purposes, and over a quarter (n = 38, 28.4%) reported using medicinal plants specifically for
diarrhea. Surprisingly, medicinal plant use did not vary significantly between different
educational groups (proxy for income). The use of medicinal plants and plants specifically for
diarrhea actually increased the risk of diarrhea by 39% and 28%, respectively, however these
relationships were not statistically significant in either the unadjusted or fully adjusted models
as both models encompassed the null value (see Table 5).
The folk-diagnosed disease Pega was prominent as over one third (n = 53, 38.7%) of
homes reported Pega in the home over the past year. A study conducted by Simpson (1988)
stated that Pega cases not accompanied by diarrhea are often described as “Dry Pega.” This
implies that diarrhea is often included as a symptom of Pega. A similar condition, Empacho has
also been described in Central and South American cultures which is usually accompanied by
diarrhea (Simpson, 1988). In this study Pega was not found to be a predictor of diarrhea in
either the uncontrolled or controlled models (see Table 5).
Suggestions for Future Research
Participation and overall receptivity to this study was very high, future researchers also
should strongly consider bringing a local with them while conducting research as it was a key
factor in increasing participant receptivity to this study.
The use of medicinal plants was very prominent among participants in this study.
However, participants in one community (Pangola) reported using medicinal plant far less than
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the other communities. This study did not collect data concerning participant’s proximity to
medical facilities which should be considered in future studies, participants from Pangola may
have simply gone to pharmacies or health centers when seeking treatment rather than using
medicinal plants. Utilization of medicinal plants may also be related to Costa Rica’s high plant
diversity. Future studies in this region considering medical plant utilization should incorporate
the participant’s proximity to medical facilities as well as local plant biodiversity.
This study was conducted in May which is near the end of the dry season in Costa Rica.
Responses particularly with respect to infrastructure may have been different if surveys were
conducted during or shortly following the rainy season. Some participants mentioned having to
vacate their home during the rainy season due to flooding, thus the effectiveness of sanitation
infrastructure may be compromised during the rainy season.
Future studies also should assess the method of diagnosis for folk conditions such as
Pega. It would be helpful to determine if the diagnosis was made by someone in the home,
friends or relatives outside the home, local healer/community expert, or a certified professional
such as a physician or nurse.
Study Limitations
Pilot-testing and psychometric measures such as content and validity and reliability
were not assessed during the development of the survey used in this study. The sex of the
participant being interviewed was not recorded in this study. Although interviewers asked for
the woman of the house as a preference for interviews, households where males were the only
person available were not excluded from this study. The sex of the participant should not have
been omitted for this study. Survey validity was not assessed though any formal review process,
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however during survey development and translation 2 individuals familiar with the communities
surveyed contributed additional items or sub items germane to the study population.
Participant responses were not confirmed through visual inspections, all data was selfreported. It also would be important to determine the quality of the sanitation infrastructure.
Although more cities and towns in Costa Rica are receiving access to piped municipal water, the
construction of the in home plumbing may compromise the quality of their sanitation
infrastructure. Future studies in the developing world should strongly consider items regarding
who installed the in-home components of the plumbing system (i.e. professional contractor,
friend, do-it yourselfer).
Survey items regarding motivations for medicinal plant also could have served to
determine why and under what circumstances they would rely on medicinal plants/traditional
medicine. Perhaps for certain conditions they would be more likely to seek out a physician
rather than rely on medicinal plants and word of mouth treatments. The use of medicinal plants
may have also been related to the accessibility of pharmacists and doctors’ offices. It also would
be helpful to determine if parents would be more likely to go to the trouble of seeking
professional treatment if their children are ill rather than themselves.
Summary
This study reinforces the established trend of sanitation infrastructure’s protective
effects against diarrhea. Although many communities in Costa Rica are remote and poor, the
standard of living is quite high due to the country’s stable central government and improving
infrastructure particularly with respect to access to piped municipal water. The use of medicinal
plants was highly prevalent among study participants, however based on this study there is no
discernible impact of medicinal plant use on diarrhea or Pega. Definitions of folk-diagnosed
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diseases such as Pega may vary not only from country to country as shown by Simpson’s study,
but can also vary from region to region. From an anecdotal standpoint participants in this study
never included diarrhea as a symptom of Pega, participants in Simpson’s study San Jose often
described Pega as being accompanied by diarrhea. The results from this study indicate that
diarrhea should not be considered symptom of Pega.
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CHAPTER 2

Introduction
New items were included in the evaluation instrument because of lack of variability.
Other items may have been more definitive if response options been measured on an interval or
ordinal scales of measurement rather than on a nominal scale of measurement. Some items
from the original study instrument should not be included in the new study instrument while
others could be included if rephrased and response options changed to a different scale of
measurement. Justification will be provided for changing (or not changing) an item of the
original instrument. Justification for new items also is included. Several errors occurred during
the development of the original test. For example, no pilot-testing was conducted and changes
to the original study instrument were based on pertinent literature and experience gained by
conducting the original study. Chapter 3 to follow is a discussion of proposed pilot-testing to
assess the new study instrument’s content validity, usability, readability, and test-retest
reliability.
Demographic Variables
Items 1-4 on the original study instrument were used to assess the household
composition in terms of the number of people living in the home, age and presence of children
in the home, household ownership status, and the highest level of education obtained in the
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home. Household ownership status and the highest level of education obtained in the home
were both used as proxies for household income.
The original study instrument assessed the number of people in the home by use of a
nominal variable and generated reasonable response variability with an even distribution of
participants responding 2-3 (n = 54, 39.4%), 4-5 (n = 47, 34.3%), and greater than 5 (n = 21.2%)
(see Table 2). This item should be included in the final version of the study instrument as the
average number of inhabitants per household in Costa Ricans is 3.5 according to Costa Rica’s
Instituto de Estadistica y Censos (2011), and a response of greater than five may indicate that
multiple families or extended families are occupying the same dwelling. The tendency to share a
domicile is common when people are attempting to distribute the cost of living expenses among
as many people as possible (Green, 1988). Instead of coding responses as ordinal, where each
response is in a relative position to the other possible responses (e.g., 2-3 indicated more people
than less than 2); responses could have been easily collected as interval values. This would have
allowed for even more response variability and perhaps more meaningful analysis. It also would
be helpful to add a question to the new study instrument regarding shared housing between
multiple families (see Appendix B, Item 2).
The age of children in the home is particularly useful as much of the diarrheal burden in
terms of morbidity and mortality worldwide is incurred by children under five (Bochi-Pinto et al.,
2008; Bern et al., 1992). This particular variable is important to control for in order to make sure
the relationship between the predictors and outcomes of interest is not confounded by the
presence of young children in the home.
Item 2 as it is phrased on the original study instrument is particularly useful for analysis
as it essentially asked two questions that could be analyzed. (a) It allowed investigators to
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control for the presence of children in the home when testing associations between the
predictors and outcomes of interest. (b) It allowed investigators to control for the age of the
youngest resident. Nearly half of all participants reported no children in the home (n = 55,
40.1%) and the distribution of child ages was relatively even among the other age groups (see
Table 2). It would have been more meaningful to collect the ages of each child living in the home
on an interval scale. Item 2 from the original instrument should be retained in the new study
instrument with a slight modification to the coding of responses (see Appendix B, item 3).
Data with respect to income and economic activity is particularly difficult to obtain in
Central and South America. Census information with respect to income is sparse; which has
forced researchers to resort to using education and previous week’s income as a measure of
economic status (Arias & de Vos, 1996). Education and home ownership status were used in the
study discussed in Chapter 1 as proxies for income; however, their use is problematic given that
much of the data with respect to education attainment and literacy is available largely for males
only (Arias & de Vos, 1996). However, trends regarding both gender parity in education and
overall enrollment in primary and secondary education in Central and South America indicated
that education may be a useful substitute for income in the future (United Nations Educational,
Scientific and Cultural Organization, 2008). The removal of Item 3 of the original instrument is
recommended in favor of the use of more statistically predictive variables regarding housing
quality including roof, floor, and wall construction materials, which will be discussed later in this
chapter (see Appendix B, items 7-12).
Item 4 regarding home ownership should not be included in the new instrument. This
item was to be used as an indicator of household economic status. The results generated from
Item 4 were drastically skewed towards home ownership (n = 99, 72.2%). However, a response
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of “own,” could have meant that the tenants had simply built the home themselves, but says
nothing about the quality of the dwelling. Since many in South America come into home
ownership through self-help strategies, (amateur construction, and enlisting friends/family for
help) the assumed superiority of ownership as opposed to rentals is not differentiating.
Miraftab (1997) found in a study conducted in Mexico, many urban renters are often better off
than rural home owners in terms of household income and housing quality. Recommended
instead is the use of items related to housing quality and infrastructure to be discussed later in
this chapter (see Appendix B, Items 7-12).
Several other new demographic variables should be included: gender head of
household, single parent home, and multiple family homes. The original instrument omits any
reference to the gender of the participant being interviewed. The inclusion of head of household
would be useful to collect as many female headed households tend to be single parent
households. Many male headed households tend to be two parent households (Miraftab, 1997).
Single mothers also tend to seek shared housing options and often live with other families; thus,
household income in female head household is often comparable to male headed households
due to living circumstances (Miraftab, 1997).
Infrastructure/Housing Quality
One of the major predictor variables used in the study discussed in Chapter 1 was
sanitation infrastructure. Many of the confounders also assessed were related to housing and
drinking water including drinking water source, drinking water storage, and drinking water
treatment. Rather than using all these nominal values in isolation, it would be more useful to
develop a series of variables related to housing quality and drinking water source where a value
could be assigned to each as an ordinal response, and then the values could be summed
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together to form a scale to produce more meaningful results. A study conducted by Arias & de
Vos (1996) using Latin American census data found that both 6-item and 3-item scales using
items related to housing materials and utilities (wall material, roof material, floor material,
electricity, water source, and sewerage) correlated well with both education and income data
that was available. Given that income and education data are often unreliable as a measure of
socioeconomic status in Latin America populations and tends to be available for only males, it is
reasonable to develop scales relating to housing/sanitation quality to substitute for both
education and income.
A 7-item scale is recommended. Each of the 7 items is related to housing infrastructure
and sewerage. The 7 items will be composed of two items from the original study instrument
with minor modifications to the scoring as well as one new item derived from a combination of
several items on the original instrument. An additional 4 items will be added to the new study
instrument; roof material, wall material, floor material, and construction method. This scale will
be used as a proxy for income and also will measure the quality of the dwelling. By using more
objective items related to housing quality, results may yield a more valid and reliable
assessment of the participant’s economic status than education or ownership status items from
the original study instrument. Housing and infrastructure qualities also have been shown to be
associated with diarrhea prevalence (Denslow et al., 2010). The highest numeric value for each
response was assigned to the response considered the most ideal based upon previous
literature. Because responses for this 7-item scale are all related, they can be summed together
to provide greater response variability.
Item 5 from the original instrument will be retained in the new instrument with some
modification to possible responses in order to reflect the quality of water source. The responses
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to the original study instrument yielded an extremely skewed distribution with 88.3% of
respondents reporting “piping” as the major source of drinking water (see Table 2). However,
the original instrument did not discriminate among different water sources of the piping. A
response indicating piping could have meant that there was piping hooked up to the sink in the
home, but the source of the water could have been a large tank holding water near the home. A
response of “other” was recorded even if the source of drinking water was water that had been
brought from a friend/family’s home where there is indoor piping. Obtaining piped water from a
third party is preferable to obtaining it from surface water sources such as rivers or springs
(Cairncross et al., 2010). Ordinal responses and scoring for drinking water source on the new
instrument would be coded as follows (see Appendix B, Item 6): (3) Piping-hooked to municipal
piping network, (2) Public access municipal water-public source, public well, (1) Surface water,
spring, (0) Other-piping hooked up to water tank, water delivered by truck, water obtained from
friend/family at another residence. All sources under “other” would receive a score of 0 because
it would be impossible to determine the original source and quality of the water, particularly
with respect to water that is delivered by truck (Arias & de Vos, 1996).
Item 6 from the original instrument assessed drinking water storage. It has been shown
that people who store drinking water in wide mouthed containers (e.g. buckets, wide mouthed
jars) are more at risk for diarrhea through the fecal oral infection rout than those who use
narrow mouthed containers (Roberts et al., 2001). For this population, this variable could be
removed from the new study instrument as the storage method does not appear to yield
discernible information. Storage of drinking water is more vulnerable to contamination if it is
kept in a container for a significant amount of time before being consumed (Roberts et al.,
2001). In the case of this study population, since 88.3% of people surveyed reported having
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piping in the home, most people do not store their drinking water in containers for very long,
but use containers as a means of transferring water from the kitchen faucet to other sites in the
home for immediate use.
Items 7-9 of the original instrument also could be excluded from the new study
instrument. Each of these items was designed to assess participant’s ability to reduce their risk
of diarrhea via drinking water purification, health education, and hand-washing techniques.
However, none proved to be particularly useful for analyses due to a lack of response variation.
Also, the phrasing of some of these items may have led to response bias from participants,
particularly Item 9 from the original study instrument regarding hand washing. When
responding to Item 9, participants may have been embarrassed to admit that they do not wash
their hands after performing certain activities such as changing a baby’s diaper, urinating, or
defecating.
Items 10-12 of the original study instrument are related to the presence and quality of
sewerage infrastructure in the home. In the interest of efficiency, these three items with
dichotomous responses could be combined into one single item on the new instrument.
Categorical responses and scoring for sewerage on the new instrument would be coded as
follows; (4) Toilet in home and hooked up to septic tank, (3) Public access to toilet and hooked
up to a septic tank, (2) Latrine, outhouse, pit, (1) Toilet in home and hooked up to septic tank
but flooding/backup is frequent or regular, (0) Other, not applicable (see Appendix B, Item 7).
Notice that outdoor facilities such as latrines and outhouses are scored more favorably than
latrines where flooding is frequent; this scoring reflects findings that the presence of poorly
functioning sewerage in the home increases the risk of diarrhea more than the absence of
sewerage disposal in the home (Denslow et al., 2010).
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Item 13 on the original study instrument was one of the variables used to determine
whether or not the participant had proper sewage infrastructure. The wording of this question
could still be retained as part of the new item discussed above, particularly to determine if the
participant’s response should be scored as a (1) for the new item described above. The author
recommends the use of a separate item on the new instrument to further assess the frequency
of sewerage flooding/backup based on the wording from Item 13 on the original study
instrument. During the initial data collection discussed in Chapter 1, the author came across
many participants who informally reported that although they had not had any sewerage
problems lately, they sometimes had severe problems with their sewerage during the rainy
season which lasts from May to November (“Costa Rica Weather,” 2013). The scoring of the new
item would be recorded as follows and reflects the quality of the participant’s primary sewerage
no matter what the source (see Appendix B, Item 8); (3) No flooding/backup in the past, (2)
backup/flooding or inoperable sewerage infrequent (one or fewer times a year), (1)
backup/flooding or inoperable sewerage frequent during rainy season (about one a month), (0)
backup/flooding or inoperable toilet frequent all year around (about once a month year
around), other or not applicable (see Appendix B, Item 8).
An additional 4 items will be added to the new study instrument that were not present
in the original instrument. Three of the 4 new items added will be related to construction
materials of various components of the home including; wall material, floor material, and roof
material. These three items were originally used as part of a 6-item study using Central and
South American census data to determine if census information with respect to housing
characteristics could be correlated with income (Arias & de Vos, 1996). The 6-item scale, in
addition to construction materials, also included electricity, water source, and sewerage, not
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only correlated well with income, but also was more available in census data (Arias & de Vos,
1996).
The use of three items from their scale is recommended because in addition to using
these items to make associations with diarrhea prevalence, they also can be cross referenced
with census data to determine if the population being surveyed is representative of the
country’s population in terms of housing quality. It also would allow the interviewer to collect
more objective and observable data than other items in the new study instrument that are selfreported. The scoring for these three items would be the same as the Arias & de Vos study
(1996, see Appendix B, Items 9-11); Roofing material; (3) Clay roof tiles, asphalt, cement, (2)
Wood, asbestos, fiber, (1) Straw, cane, palm leaves, (0) Metallic sheet, canvas, cardboard, other
refuse. External wall material; (3) Brick, cement block, cemented adobe, stone, gravel, (2) Wood,
uncemented adobe, (1) Cane, palm, mud-straw, leaves, other plant material, (0) Metallic sheet,
sticks, other refuse. Then final item borrowed from the Arias & de Vos 3-item scale would be for
floor material; (1) Ceramic and marble tiles, cement, cement blocks, bricks, wood, carpeting,
vinyl tile, (0) Dirt, plant material, other non-durable material.
The final item in the new 7-item scale will address who constructed the home. The only
way that many in South America are able to obtain their own home is through self-service
strategies (Montellano & Browner, 1985). Typically people employing self-service strategies for
home development will informally network with neighbors and friends to exchange mutual help
and services (Montellano & Browner, 1985). Self-service strategies often result in amateur
construction of homes, which could result in a lower quality dwelling even if the materials used
for construction are of good quality. The scoring of the new item would be recorded as follows
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(Item 12 Appendix B); (1) Construction performed by professional contractor or carpenter, (0)
Construction performed by non-professional.
The 7-item scale related to housing quality used in the new study instrument is
composed of Items 5 and 13 from the original instrument with slight modification as well as one
item that is a composite of items 10 to 12 from the original instrument. An additional 4 items
were added to the new instrument based on relevant literature reviewed after the study
described in Chapter 1. The 7-item scale would be an integral part of the new study instrument
and serve as an independent variable being used as a predictor of diarrhea. The 7-item scale
also could be used on future studies as a measure of household economic status.
The 7-item scale would allow for a maximum total scaled response of 18. This would
allow for a large degree of response variation. As the scale is constituted on the new study
instrument, it distributes 14 of the possible points to housing/plumbing. Those items may be
less vulnerable to response bias as responses to those variables would be based primarily on
factors observable at the time of the interview.
Medicinal Plant Use
The original study instrument had just one item related to medicinal plant use (see
Appendix A, Item 15), which yielded results regarding the participant’s use of medicinal plants
and medicinal plant use specifically for diarrhea and upset stomach. Although half of all
participants reported using medicinal plants (see Table 3), only about a quarter reported using
medicinal plants specifically for diarrhea (see Table 3). Also in one particular community
(Pangola), medicinal plant use was far less common than the other three communities (see
Table 4). Item 15 is inadequate for producing results that could possibly explain the variation in
medicinal plant by location as well as by purpose (general use vs. diarrhea specifically).
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Several items will be used in the second edition of the survey related to medicinal plant
use. In addition to medicinal plant use, items related to motivations for medicinal plant use, and
the source of medicinal plant use knowledge will be included. The new instrument has five items
related to medicinal plant use.
The first question in Item 15 from the original study instrument, “Do you use any plants
for medicine?” could be retained in the new study instrument as a single item. The other
questions in Item 15 in the old study instrument could be left out in favor of separate items,
which may explain why a participant would respond either “yes” or “no” to the initial question
regarding medicinal plant use.
Three variables may explain a participant’s motivation for either using or not using
medicinal plants. These three variables related to plant use motivation focus on purpose (in
terms of the ailment), whom they are likely to apply medicinal plants to, and the subject’s
proximity to medical services as a lack of access to care could explain greater reliance on
medicinal plants.
A study conducted by Ortiz de Montellano and Browner (1985) found that medicinal
plants are not used or designated as medicinal plants arbitrarily. Typically folk classifications of
medicinal plants are based on taste, smell, form, and feel (Montellano & Browner, 1985). For
example, someone with a fever (hot sensation) may use cold baths and soothing herbal teas to
counteract the high body temperature. Montellano and Browner (1985) were able to cross
reference the folk classifications of plants based on use with scientific research confirming at
least some biologic evidence to support the use of many of the medicinal plants in their study.
Of the 58 medicinal plants in their study, there was at least some scientific evidence to support
their folk classifications in the published literature (isolated compounds in plant have shown
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evidence of desired activity in vitro and in vivo or plausible biological mechanism for desired
outcome, (Montellano & Browner, 1985).
This item was included to determine if participants who use medicinal plants are more
or less likely to use medicinal plants for certain ailments. In particular, it would be important to
know if participants are likely to use medicinal plants for minor ailments (cold, flu, upset
stomach), chronic pain (aches, joint pain, general discomfort), or maternal care (pre-natal care,
child birth, post-partum care, see Appendix B, Item 14).
Motivation to use medicinal plants also may vary based on who is the recipient of
treatment. Perhaps a parent would more likely to use medicinal plants for their own treatment
rather than going to a doctor, but would rather make extra efforts to go to the doctor if one of
their children was sick. This item would differentiate whether or not participants commonly use
medicinal plants on themselves, their children, or friends and extended family (see Appendix B,
Item 15).
The final item on the new study instrument related to participant motivation for
medicinal plant use to proximity to healthcare. Proximity to water source and excretion facilities
has been shown to be related to diarrheal morbidity and child mortality (Cairncross et al., 2010).
It is possible that proximity and overall time commitment of seeking healthcare may be related
to the use of medicinal plants. Someone may be more likely to use medicinal plants for
healthcare instead of going to the doctor, if for example an entire day would be dedicated to
getting to and from the doctor’s office due to proximity or because of slow public
transportation. This item would differentiate participant’s typical transportation with regards to
general checkups to determine if typically they walk to the doctor’s office (ideal situation), use a
personal vehicle belonging to themselves or friends, or use public transportation (least ideal).
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Public transportation in Costa Rica can be particularly time-consuming, with bus rides to the
nearest town often taking hours if you live in a rural community.
Two items were added to the new study instrument with respect to the sources of
medicinal plants and the sources of knowledge about medicinal plants. The first asks
participants about the physical source of where they typically obtain medicinal plants.
Participants may be more likely to use medicinal plants if they or someone they know grow
medicinal plants themselves. Midwives and birth attendants also may be a source of medicinal
plants as it is common in South America for midwives to prescribe herbal teas for pre and postnatal care (Ortiz de Montellano & Browner, 1985, see Appendix B, Item 16).
The final item concerning medicinal plant use will determine where participants typically
obtain information regarding medicinal plants as this may vary by location. It would be useful to
determine if the primary source of medicinal plant knowledge is an informal sources (family,
friends), local experts (healer, medical, midwives, school), or some outside source (Internet,
outside educators, see Appendix B, Item 17).
Health Outcomes
The new study instrument has two items concerning diarrhea and Pega prevalence.
Item 14 from the original study instrument is used on the new instrument in its original form
(see Appendix B, Item 19). The 2- week recall time for diarrhea is reasonable and has been used
in other studies, notably Denslow et al. (2010), where item 14 was taken from. In the study
discussed in Chapter 1, 19.7% of participants reported diarrhea in the household over the past 2
weeks (Table 3); however, a larger sample size than the one obtained in the original study
(n=147) may be required to be able to determine what factors increase the risk of diarrhea
prevalence. Among the 4 independent variables tested in the study discussed in Chapter 1, only
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proper sewage infrastructure yielded statistically significant results with regard to diarrhea
prevalence (see Table 5).
Items concerning Pega also are included in the new study instrument. Item 15 of the
original study instrument included a “yes” or “no” question regarding Pega. This question only
revealed prevalence data regarding Pega. About one third of all participants reported Pega (see
Table 3). However, given that Pega is a folk diagnosed condition it would be helpful to
determine who provided the diagnosis of the condition as the criteria for folk diagnosed
conditions often vary by location (Simpson, 1988; Houtsma, 2012). The new study instrument
also includes a “yes” or “no” response question regarding Pega prevalence (see Appendix B,
Item 20). In addition another item is included to determine among people who reported Pega,
who provided the diagnosis for the case; self-diagnosed, family/friend, local expert (healer,
medical, etc. see Appendix B, Item 21).
The original study instrument contained 15 items and took interviewers on average 1520 minutes to administer. The new study instrument has 21 items; however, the new study
instrument would likely take less time to administer than the old study instrument given that
certain particularly time-consuming items were not included on the new instrument. Items 9
and 15 on the old instrument were particularly time-consuming. Although the categorical
response regarding proper hand washing on Item 9 of the original study instrument was nominal
(yes, no), the questionnaire required interviewers to ask six questions in order to code the
categorical response later. Item 9 not only required a significant amount of time to administer; it
also did not yield discernible results as it may have been vulnerable to response bias.
The new study instrument should require less time to administer despite the fact that it
has more items because many of the items on the new instrument are based on infrastructure
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and can be easily observed at the time of the interview (Items 9-11 Appendix B). Also a number
of items related to medicinal plant use will not need to be asked if the participant responds “no”
to Item 13.
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CHAPTER 3

Following the development of the new study instrument discussed in Chapter 2
(Appendix B), there would need to be a period of evaluation and pilot testing of the new study
instrument before using it in the field. The process would entail pilot-testing, to assess content
validity, survey readability, and reliability.
The first step in the pilot-testing process would be an assessment of the content validity,
comprehensiveness, and thoroughness of the new study instrument. Assessing these factors
through the solicitation of feedback from content experts is recommended. The choice of
content experts is extremely important as selecting the wrong content experts could produce
poor results when using the study instrument in the field (Grant & Davis, 1997). Selection of
content experts should be based upon the prospective expert’s training, expertise,
qualifications, and familiarity with the target population and topic (Grant & Davis, 1997; Davis,
1992). It is prudent to choose content area experts based upon their, area of expertise, history
of publications, conference presentations, as well as field experience (Grant & Davis, 1997).
It may be necessary to recruit content experts from several different areas. A content
expert with knowledge regarding the nature of the built environment’s effects on human health,
medicinal plant use, and folk-diagnosed conditions would be essential. A content area expert
also would need to be familiar with the population of interest, specifically Central and South
America. It may be necessary to recruit a large number of content experts as well as sub-area
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content experts in order to provide expertise on all of the stated study goals (Davis, 1992). The
number of content area experts necessary to provide proper feedback is a subject of some
debate among experts. Lynn (1986) recommends 33 content experts; however, Grant & Davis
(1997) reported that previous studies have used as few as 22 experts and as many as 2020. For
this study, the use of at least 3 experts in each area is recommended as recruitment, if there are
enough experts available and willing to participate. Information that would need to be provided
to content experts are the study goals below, plus further explanation, if there was confusion
about the goals and whether the survey items addressed 1 or all of the 4 goals below:
1. To assess the relationship between sanitation infrastructure and diarrhea
prevalence.
2. To ascertain the impact of medicinal plant use has on diarrhea prevalence.
3. To investigate the impact of medicinal plant use on Pega prevalence.
4. To assess the relationship between Pega and diarrhea to clarify the symptoms of
Pega.
Before content area expert recruitment is initiated, experts must be given some sort of
information to orient them to study goals and objectives. Davis (1992) recommends providing a
table of supplementary information to content experts in order to operationalize study goals
and to relate them to specific instrument items. The following table might be provided to
content experts along with the new study instrument.
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Table 6
Instrument Goals, Concepts, and Organization on the New Study Instrument
Concept
Sanitation,
Sewerage and
Housing

Study Goal
Addressed
1

Instrument Items

Items 6-12: Respondents are asked items about the source of
their drinking water, the quality of their sewerage
infrastructure as well as the construction materials of their
home. Each score is assigned an ordinal numeric value, higher
scores represent sounder infrastructure.
Medicinal
2, 3
Items 13-18: Respondents are asked items about whether or
Plant Use
not they use medicinal plants and for what purposes.
Diarrhea
1, 2, 4
Item 19: Respondents are asked to report recent cases of
Prevalence
diarrhea in the home.
Pega
3,4
Items 20-21: Respondents are asked to report Pega and
Prevalence
whether or not it was accompanied by diarrhea in addition to
the method of Pega diagnosis.
Note. Instrument objectives: (a) to assess the relationship between sanitation infrastructure
and diarrhea prevalence, (b) to ascertain the impact of medicinal plant use has on diarrhea
prevalence, (c) to investigate the impact of medicinal plant use on Pega prevalence, (d) and to
assess the relationship between Pega and diarrhea to clarify the symptoms of Pega. Items 1-5
are determinants and are not meant to address specific study goals. These items were adapted
from “Instrument Review: Getting the Most from a Panel of Experts,” by Davis, L.L., Clinical
Methods, 5, p. 195.
The information provided in Table 6 should familiarize content experts with study goals
and provide clarification as to what specific survey items are intended to assess.
Following content expert feedback with respect to content validity, the next phase of
survey assessment will be to ask a group of 20 to 30 students and older adults from Central and
South America currently living in the United States to provide feedback using the questionnaire
shown in Appendix C, adapted from (Black, D.R., personal communication, March 8, 2013).
Feedback gathered from Appendix C would allow investigators to determine if survey items
were clearly stated, survey responses allow for adequate response to the question, and if the
question’s wording is adequate to provide results that would be able to address the study goals.
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Participants also are asked whether or not they would respond to survey questions honestly if
they were posed to them. Participants also will be solicited for any additional feedback they
would like to provide regarding possible changes to the new study instrument.
Inter-rater reliability is used to determine how consistently raters will be in agreement
when rating similar observations (Cantor, 1996; Zanarini, Frankenburg, & Vujanovic., 2002).
Typically inter-rater reliability is expressed in terms of the Kappa Coefficient (K), and expresses
how likely two randomly selected raters are to be in agreement when rating the same
observation (Zanarini et al., 2002). The closer K is to 1, the more likely raters are to agree, and
the closer K is to 0 the more likely that rater agreement is due to chance alone (Shiloach et al.,
2010). Generally, K values above .75 are considered to represent excellent inter-rater
agreement, and K values between .57 and .75 are considered to represent moderate agreement
(Zanarini et al., 2002). Inter-rater agreement also has been used as an auditing tool to determine
how often raters are in agreement with what is considered to be the correct response (Shiloach
et al., 2010). Shiloach et al. (2010) used the 135 item pre-surgery checklist developed by the
American College of Surgeons (ACS) to assess rater agreement at 18 participating hospital cites.
Investigators then reviewed medical charts from each participating cite and then crossreferenced items in the checklist to determine if cite evaluators responded to items in the same
manner as ACS raters. Any specific items where the disagreement rate was greater than 5%
were flagged for later review (Shiloach et al., 2010). Once items were flagged for review then
the ACS would make changes to training materials in order to reduce the amount of
disagreement for that variable in the future. This process of audit and re-assessment has
resulted in a significant decrease in rater disagreement for the ACS checklist, down from 3.15%
in 2005 to 1.56% in 2008 (Shiloach et al., 2010).

51
When considering inter-rater reliability, many studies focus on the proper number of
study participants necessary to generate the desired inter-rater agreement, however many
studies ignore rater sampling (Gwet, 2008). In fact the variation in rater agreement is often
more dependent on the raters being sampled than it is to the subjects being sampled (Gwet,
2008). Gwet (2008) also found that variation in rater agreement can change by as much as 10%
when one rater is removed from a sample of raters. Intra-rater reliability is the consistency with
which the same rater rates the same characteristic across different subjects or observations
(Zanarini et al., 2002).
It also is important to assess test-retest reliability. This is usually done by a follow-up of
the same study participants after a period of time where participant results from both the initial
and follow-up exercise are mixed and analyzed together. By following up with participants,
investigators can determine if participant’s observations and responses to survey items have
changed over time. It can be difficult to determine the proper amount of time to allow before
follow-up. Zanarini et al. (2002) used 2 and 4 year follow-up periods of raters rating Borderline
Personality Disorders in patients. Shiloach et al. (2010) allowed for a 30 day follow-up period for
the ACS study described already.
In addition to the reliability and content validation considerations described above, it is
important to consider possible barriers to research which would likely be encountered when
using the new study instrument in the field in developing countries. Not only do language
barriers exist between investigators and subjects, but physical and political barriers also can
hinder research efforts. Roberts et al. (2010) had to eliminate 2 of their 30 primary sampling
areas from consideration as travel to these areas was impossible during the time of data
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collection and investigators were forced to eliminate a third sampling unit due to political
instability in Nicaragua.
In addition to the physical barriers, outside researchers may experience skepticism and
even outright hostility from domestic populations. The use of domestic research partners is
recommended as a means of garnering support among locals that may increase the rate of
participation as it did during the study described in Chapter 1. Partnering with locals would not
only make the process of research smoother, but also could make it more likely that research
results could be turned into local action (Costello & Zumla, 2004). Typically, local research
partners are viewed more favorably by locals, which allow local researchers to get more
accomplished in the community than foreign researchers would be able to on their own
(Costello & Zumla, 2004).
Through the improvements made to the original study instrument described in Chapter
2 and the proposed pilot-testing described in Chapter 3, the reliability and validity of the new
study instrument would be well established and bias would be reduced in order to assess the
true score of participant responses if administered in the future.
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Appendix A: Original Study Instrument

House ID _________ Date________

Interview Questions
1.

2.

3.

Number of people living in household
Assessor’s Questions
 How many people live in your household? ________
Categorical Response
 Less than 2
 Greater
 2-3
than 5
 4-5
Youngest Resident
Assessor’s Questions
 Do you have any children living in your household? Yes____No____
 List the kids ages__________________________________________
Categorical Response
 Less than 1
 1-3
 Greater
years old
 3-5
than 5
Highest Level of Education Completed in the Household
Assessor’s Questions
 Have you or your spouse completed kinder? Yes___No___
 Have you or your spouse completed primary school? (1-6-escuela) Yes____No____
 Have you or your spouse completed secondary school ?(7-12-colegio) Yes____No____
 Have you or your spouse completed trade school? Yes____No____
 Have you or your spouse completed university (Universidad) ? Yes____No____
Categorical Response
 Illiterate
 Literate-but no
formal
education
 Primary
school
 Secondary
school
 Trade
school
 University
 Don’t know
 Missing
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4.

5.

6.

Property Ownership
Assessor’s Questions
 Do you rent your home? Yes____No____
 Do you own your home? Yes____No____
Categorical Response
 Rent
 Own
 Squatting
Primary Drinking Water Source
Assessor’s Questions
 Do you have indoor plumbing and tap water? Yes____No____
If No, Where does your water come from?
 Do you get most of your drinking water directly from the river? Yes____No____
 Do you get most of your drinking water from a well? Yes____No____
 Do you get most of your drinking water from the local health center? Yes___No___
 Do you purchase most of your drinking water from the grocery store? Yes___No___
Categorical Response
 River
 Health
 Other
 Well
Center
 Grocery Store
Drinking Water Storage
Assessor’s Questions
 Do you store drinking water in a narrow mouth container (jug, bottle, etc)? Yes____No____
 Do you store drinking water in a wide mouth container (bucket)? _________________
Categorical Response
 Narrow mouthed

7.

 Wide mouthed

Purification of drinking water
Assessor’s Questions
 Do you feel it is important to purify drinking water? Yes____No____
No matter what the response
 Do you use a sock as a filter on your faucet? Yes____No____
 Do you boil your water before drinking it? Yes____No____
 Do you use any other water filtration method? Yes____No____
Categorical Response
 Other
 Turbidity
 Doesn’t feel it’s
 Boiling
 None
important
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8.

Sanitation Education
Assessor’s Questions
 Have you ever received tips, strategies, or other forms of education about sanitation?
Yes____No____
If Yes?
 Did you receive tips through personal interactions with friends or family? Yes____No____
 Have you received tips through school in the past? Yes____No____
 Have you received tips through your local health center? Yes____No____
 Have you received tips from an organization outside of your community? Yes____ No____
Categorical Response
 None
 School
 Outside
 Personal
 Local health center
organization
interaction

9.

Appropriate hand washing techniques
 Are you primarily responsible for preparing meals in the home? Yes____No____
 Are you primarily responsible for caring for the children in the home? Yes____No____
Assessor’s Questions
If the respondent answers yes to both of the above questions
 Do you wash your hands after using the bathroom? Yes____No____
 Do you wash your hands after changing diapers? Yes____No____
 Do you wash your hands before food preparation? Yes____No____
 When you wash your hands do you use soap? Yes____No____
 Do you dry your hands with a clean cloth or air dry? Yes____No____
 Do you use a different cloth to dry your hands than you use for drying dishes?
Yes____No____
Categorical Response
 Yes
 No
 Missing(not yes/no)
10. In home latrine
Assessor’s Question: Do you have a latrine/toilet in your home? Yes____No____
Categorical Response
 Yes
 No
11.

Septic tank used for sewage- only ask if they answered yes to item 10
Assessor’s Question: Does your sewage/piping connect to a septic tank? Yes____No____
Categorical Response
 Yes
 No
 Doesn’t know
12 . Knows location of septic tank- only ask if they answered yes to item 10
Assessor’s Questions
 Do you know where your septic tank is located? Yes____No____
 Put the general location here_____________________
Categorical Response
 Yes
 No
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13. Septic tank overflow in past year- only ask if they answered yes to item 10
Assessor’s Questions: In the past year has there been a puddling of sewage water around your house
due to a septic tank overflow? Yes____No____
Categorical Response
 Yes
 No
 Doesn’t know
14. Diarrhea
Assessor’s Questions
 Over the past two weeks has anyone in your home had two or more loose stools on the
same day? Yes____No____
 Over the past two weeks has anyone in your home had blood in their stool? Yes____No____
Categorical ResponseYes to diarrhea
 No to diarrhea
 Doesn’t know
15.

Plant Medicine-Health Related
Assessor’s Questions
 Do you use any plants for medicine? Yes____No____
If yes:
 What do you feel are the most important plants you could have for medicinal use?
_______________________________________________________________________________
_____________________

_______________________________________________________________________________
______________________
 When someone in the family has a common illness, are there specific plants or remedies
you use to treat it? Yes____No____
If yes, What are they?______________________________________________________________
 Are there any specific plants, or a combination of plants that you use to help with
common stomach problems such as diarrhea?
_______________________________________________________________
 Have you had pega? Yes____No____
o If so, how do you treat it?____________________________________________
Do you have any additional comments you would like to provide for us?
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Appendix B: New Study Instrument

House ID _________ Date of Interview __________ Location of Interview_____________
Interview Questions
1. Interviewee Sex
M _______ F ________
2. Number of People Living in the Household
 How many people live in your household?
……………………………………………………………...………….………..………………………… _______
 Do multiple families occupy the home?............................Yes_______ No _______
3. Age of Youngest Resident
 Are there any children living in the household? ………..…Yes _______ No _______
 If so, what are the ages of each child?..…………………….…………………..____________
4. Head of Household
 Is the head of the household male or
female?......................................................................Male_______Female_______
5. Family Structure
 Is this a single parent household…………………………………. Yes _______ No _______
6. Primary Drinking Water Source
 Is the household’s primary drinking water source piped and hooked into a municipal
piping system?
……………………………………………………………….…………………………………………….._______(3)
 Is the household’s primary drinking water source public access municipal water, or a
public well?
………………………………………………………………………………………….…...…………….._______(2)
 Is the household’s primary drinking water source surface water such as a river or
spring?..................................................................................................... _______(1)
 Some other source-piping hooked to a water tank, delivered by truck, obtained from
a friend or family
………………………………..…………………………………………………………..……...….……_______(0)
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7. Sewerage
 Is there a toilet in the home which is hooked to a septic tank? ……….. _______(4)
 Is a public access toilet commonly used for sewerage by people in this household?
……………………………………………………………………………………………………………_______(3)
 Is an outhouse, latrine, or pit commonly used for sewerage in the
household?............................................................................................ _______(2)
 If there is a toilet in the home; Is the toilet frequently backed up, flooded or
otherwise
inoperable?.............................................................................................._______(1)
 Other, or not
applicable………………….…………………………….…..………………………….…..…….._______(0)
8. Frequency of Sewerage Backup
 To the best of your recollection, has the primary sewerage used by this household
ever flooded or been backed up? (If no)….……………………………..……….. _______(3)
(If yes)
 Is flooding/backup fairly infrequent? (one or fewer times a year)……. _______(2)
 Is flooding/backup frequent during the rainy season? (about once a
month)…………………………………………………………………………………………..... _______(1)
 Is flooding/backup frequent year around? (about once a month)…………….____(0)
9. Roof Material (Observable)
 Roof composed of clay tiles, asphalt, or cement................................. _______(3)
 Roof composed of wood, asbestos,
fiber…………………………………………………………………………………..………….…________(2)
 Roof composed of straw, cane, palm
leaves…………………………………………..……………………………………………....…________(1)
 Roof composed of metallic sheet, sticks, or other refuse………..………. _______(0)
10. External Wall Material (Observable)
 Walls composed of brick, cement block, cemented adobe, stone,
gravel…………………………………………………………………………….……..……….... _______(3)
 Walls composed of wood or uncemented adobe……..…….………….….... _______(2)
 Walls composed of cane, palm, mud-straw, leaves or other plant
material...........................................................................................….. _______(1)
 Walls composed of metallic sheet, sticks or other refuse……..……..….. _______(0)
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11. Floor Material (Observable)
 Floor composed of ceramic tile, marble tile, cement, cement blocks, bricks, wood,
carpeting, vinyl tile…………………………………………………………….…………….. _______(1)
 Floor composed of dirt, plant material, other non-durable material… _______(0)
12. Construction Expertise
 To the best of your knowledge, was construction of this home performed by a
professional contractor or carpenter?...................yes _______(1) no _______(0)
13. Medicinal Plant Use Prevalence
 Are plants commonly used for medicinal purposes in this
household?........................................................................yes _______ no _______
14. Medicinal Plant Purpose (May check more than one)-only ask if 13 answered yes
 Are medicinal plants commonly used for minor ailments (cold, flu, upset stomach) in
this household?.................................................................yes _______ no _______
 Are medicinal plants commonly used for chronic pain (aches, joint pain, general
discomfort) in this household?..........................................yes _______ no _______
 Are medicinal plants commonly used for maternal care (pre-natal, childbirth, postpartum) in this household?................................................yes _______ no _______
15. Medicinal Plant Application (May check more than one)-only ask if 13 answered yes
 Do you typically use medicinal plants for treatment on
yourself?............................................................................yes _______ no _______
 Do you typically use medicinal plants for treatment on your children?....................
...........................................................................................yes _______ no _______
 Do you typically use medicinal plants for treatment on your friends and extended
family?...............................................................................yes _______ no _______
16. Most Common Medicinal Plant Source-only ask if 13 answered yes
 Typically, are plants used for medicinal purposes grown by someone living in this
home?................................................................................yes _______ no________
_______Typically, are plants used for medicinal purposes provided by friends or
family that do not live in the home?..................................yes _______ no _______
 Typically, are plants used for medicinal purposes provided by a mid-wife, healer, or
other medicinal plant expert?............................................yes _______ no _______
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17. Medicinal Plant Information Source-only ask if 12 answered yes
 Do you commonly obtain information regarding medicinal plants from
family/friends? ……………..……………………………………………… yes _______ no _______
 Do you commonly obtain information regarding medicinal plants from local experts
(healer, medical professionals, mid-wives, school
teachers)…………………………………………………….…………………..yes _______ no _______
 Do you commonly obtain information regarding medicinal plants from a source
outside your community?..................................................yes _______ no _______
18. Mode of Transportation to Medical Care
 Typically, can people in this home walk to medical
appointments/checkups?..............................................…..yes _______ no _______
 Typically, are people in this home transported to medical appointments/checkups in
a personal vehicle?.............................................................yes _______ no _______
 Typically, are people in this home transported to medical appointments/checkups
on public transportation such as buses? ………………………..yes _______ no _______
19. Diarrhea Prevalence
 Over the past two weeks has anyone in your home had two or more loose stools on
the same day?....................................................................yes _______ no _______
 Over the past two weeks has anyone in your home had blood in their
stool?.................................................................................yes _______ no _______
20. Pega Prevalence
 Has anyone in the household had Pega?..........................yes _______ no _______
 If yes: Was Pega accompanied by diarrhea?.....................yes _______ no _______
21. Pega Diagnosis-only ask if yes to initial question in 20
 Was the Pega diagnosis made by a medical expert?(healer, medical
professional)……………………………………………………………………yes _______ no _______
 Was the Pega diagnosis made by someone living in the home who is not an medical
expert?................................................................................yes _______ no _______
 Was the Pega diagnosis made by a friends/family not living in the home who is not a
medical expert?..................................................................yes _______ no _______
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Appendix C: Group Feedback

Name: __________________________

Instructions: Please carefully read this survey. You are not expected to answer the questions
but to evaluate each one as written. Additional comments should go in the comments box
provided.
For each question on the survey, please answer 1 - 5 below. Please put an “X” in the
appropriate box below the question that agrees with your answer.
1. Is the question clearly stated?
2. Are the response options or answer choices to the question adequate or
inadequate?
3. As the question is worded, does it adequately answer the stated study goals?
1-does not answer study goals, 2-minimally answers study goals, 3-somewhat
answers study goals, 4-mostly answers study goals, 5-fully answers study goals
4. As the question is worded, would you answer it honestly or in a socially desirable
way?
5. Please indicate any suggestions for revisions, additions, or deletions in the space
marked comments.
For Question 1.
1. Clearly
2. Response Options?
Stated?
Yes

No

5. Comments.

Adequate

Inadequate

3. Answers Study Goals?

1

2

3

4

5

4. I would answer…
In a
socially
Honestly
desirable
way
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For Question 2.
1. Clearly
2. Response Options?
Stated?
Yes

No

Adequate

Inadequate

3. Answers Study Goals?

4. I would answer…

1

5

In a
socially
Honestly
desirable
way

3. Answers Study Goals?

4. I would answer…

1

5

In a
socially
Honestly
desirable
way

3. Answers Study Goals?

4. I would answer…

1

5

In a
socially
Honestly
desirable
way

3. Answers Study Goals?

4. I would answer…

1

In a
socially
Honestly
desirable
way

2

3

4

5. Comments.

For Question 3.
1. Clearly
2. Response Options?
Stated?
Yes

No

Adequate

Inadequate

2

3

4

5. Comments.

For Question 4.
1. Clearly
2. Response Options?
Stated?
Yes

No

Adequate

Inadequate

2

3

4

5. Comments.

For Question 5.
1. Clearly
2. Response Options?
Stated?
Yes

No

5. Comments.

Adequate

Inadequate

2

3

4

5
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For Question 6.
1. Clearly
2. Response Options?
Stated?
Yes

No

Adequate

Inadequate

3. Answers Study Goals?

4. I would answer…

1

5

In a
socially
Honestly
desirable
way

3. Answers Study Goals?

4. I would answer…

1

5

In a
socially
Honestly
desirable
way

3. Answers Study Goals?

4. I would answer…

1

5

In a
socially
Honestly
desirable
way

3. Answers Study Goals?

4. I would answer…

1

In a
socially
Honestly
desirable
way

2

3

4

5. Comments.

For Question 7.
1. Clearly
2. Response Options?
Stated?
Yes

No

Adequate

Inadequate

2

3

4

5. Comments.

For Question 8.
1. Clearly
2. Response Options?
Stated?
Yes

No

Adequate

Inadequate

2

3

4

5. Comments.

For Question 9.
1. Clearly
2. Response Options?
Stated?
Yes

No

5. Comments.

Adequate

Inadequate

2

3

4

5
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For Question 10.
1. Clearly
2. Response Options?
Stated?
Yes

No

Adequate

Inadequate

3. Answers Study Goals?

4. I would answer…

1

5

In a
socially
Honestly
desirable
way

3. Answers Study Goals?

4. I would answer…

1

5

In a
socially
Honestly
desirable
way

3. Answers Study Goals?

4. I would answer…

1

5

In a
socially
Honestly
desirable
way

3. Answers Study Goals?

4. I would answer…

1

In a
socially
Honestly
desirable
way

2

3

4

5. Comments.

For Question 11.
1. Clearly
2. Response Options?
Stated?
Yes

No

Adequate

Inadequate

2

3

4

5. Comments.

For Question 12.
1. Clearly
2. Response Options?
Stated?
Yes

No

Adequate

Inadequate

2

3

4

5. Comments.

For Question 13.
1. Clearly
2. Response Options?
Stated?
Yes

No

5. Comments.

Adequate

Inadequate

2

3

4

5

67
For Question 14.
1. Clearly
2. Response Options?
Stated?
Yes

No

Adequate

Inadequate

3. Answers Study Goals?

4. I would answer…

1

5

In a
socially
Honestly
desirable
way

3. Answers Study Goals?

4. I would answer…

1

5

In a
socially
Honestly
desirable
way

3. Answers Study Goals?

4. I would answer…

1

5

In a
socially
Honestly
desirable
way

3. Answers Study Goals?

4. I would answer…

1

In a
socially
Honestly
desirable
way

2

3

4

5. Comments.

For Question 15.
1. Clearly
2. Response Options?
Stated?
Yes

No

Adequate

Inadequate

2

3

4

5. Comments.

For Question 16.
1. Clearly
2. Response Options?
Stated?
Yes

No

Adequate

Inadequate

2

3

4

5. Comments.

For Question 17.
1. Clearly
2. Response Options?
Stated?
Yes

No

5. Comments.

Adequate

Inadequate

2

3

4

5
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For Question 18.
1. Clearly
2. Response Options?
Stated?
Yes

No

Adequate

Inadequate

3. Answers Study Goals?

4. I would answer…

1

5

In a
socially
Honestly
desirable
way

3. Answers Study Goals?

4. I would answer…

1

5

In a
socially
Honestly
desirable
way

3. Answers Study Goals?

4. I would answer…

1

5

In a
socially
Honestly
desirable
way

3. Answers Study Goals?

4. I would answer…

1

In a
socially
Honestly
desirable
way

2

3

4

5. Comments.

For Question 19.
1. Clearly
2. Response Options?
Stated?
Yes

No

Adequate

Inadequate

2

3

4

5. Comments.

For Question 20.
1. Clearly
2. Response Options?
Stated?
Yes

No

Adequate

Inadequate

2

3

4

5. Comments.

For Question 21.
1. Clearly
2. Response Options?
Stated?
Yes

No

5. Comments.

Adequate

Inadequate

2

3

4

5
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Appendix D: Original Study Instrument Spanish Version

Interview Questions
12. Number of people living in household
Assessor’s Questions
 ¿Cuantos personas viven en su casa? ________
Categorical Response
 Less than
 4-5
2
 Greater than 5
 2-3
13. Youngest Resident
Assessor’s Questions
 Tiene niños en su casa? Yes____No____
 Díganos la edad de los niños _________________________________________
Categorical Response
 Less than 1
 1-3
 Greater than 5
years old
 3-5
14. Highest Level of Education Completed in the Household
Assessor’s Questions
 Ha cumplido kindergarten? Yes___No___
 Ha cumplido escuela primaria? (1-6-escuela) Yes____No____
 Ha cumplido colegio? (7-12-colegio) Yes____No____
 Ha cumplido la escuela vocacional? Yes____No____
 Ha cumplido estudios en la Universidad? Yes____No____
Categorical Response
 Illiterate
 Primary
 Universit
 Literateschool
y
but no
 Secondar
 Don’t
formal
y school
know
education
 Trade
 Missing
school
15. Property Ownership
Assessor’s Questions
 ¿Alquila su casa? Yes____No____
 ¿Ustd. Es el dueño de su casa? Yes____No____
Categorical Response
 Re
nt
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 O
 Sq
tti
w
ua
ng
n
16. Primary Drinking Water Source
Assessor’s Questions
 ¿Tiene tuberías y agua grifo en su casa? Yes____No____
If No, Where does your water come from?
 Obtiene su agua potable del río? Yes____No____
 Obtiene su agua potable de un pozo? Yes____No____
 Obtiene su agua potable del centro de saludad? Yes___No___
 Compra su agua potable del supermercado? Yes___No___
Categorical Response
 River
 Health Center
 Other
 Well
 Grocery Store
17. Drinking Water Storage
Assessor’s Questions
 Cómo almacenar el agua potable en una jarra o una botella? Yes____No____
 Cómo almacenar el agua potable en un cubo?_________________
Categorical Response
 Narrow mouthed
 Wide mouthed
18. Purification of drinking water
Assessor’s Questions
 Cree que es importante purificar agua potable? Yes____No____
If yes?
 Usa una calcetín como un filtro en su canilla? Yes____No____
 Cuece su agua antes de beberlo? Yes____No____
 Utiliza un método diferente de filtración de agua? Yes____No____
Categorical Response
 Other
 Turbidity
 Doesn’t feel it’s
 Boiling
 None
important
19. Sanitation Education
Assessor’s Questions
 Conecta su tuberías a un tanque séptico? Yes____No____
If Yes?
 Ha recibido consejos, estrategias o educación sobre el saneamiento?
Yes____No____
Ha recibido información en el pasado por amigos y/o familia? Yes____No____
 Ha recibido información en el centro de saludad local? Yes____No____
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Ha recibido información de una organización fuera de la comunidad? Yes____
No____
Categorical Response
 None
 School
 Outside
 Personal
 Local health
organization
interaction
center
20. Appropriate hand washing techniques
Assessor’s Questions
 Es usted el principal responsable de cuidar a los niñosen el hogar? Yes____No____
 Es usted el principal responsable de la preparación de comidas en el hogar?
Yes____No____
If the respondent answers yes to both of the above questions
 ¿Lava sus manos después de usar el baño? Yes____No____
 ¿Lava sus manos después de cambiar pañales? Yes____No____
 ¿Lava sus manos antes de preparar la comida? Yes____No____
 ¿Cuando se lava sus manos, usa el jabón? Yes____No____
 ¿Seca sus manos con una toalla o las seca en el aire? Yes____No____
 ¿Usa una toalla diferente a la que usa para secar los platos? Yes____No____
Categorical Response
 Yes
 Missing(n
 No
ot yes/no)
21. In home latrine
Assessor’s Question: Tiene un baño o letrina en su casa? Yes____No____
Categorical Response
 Yes
 No
22. Septic tank used for sewage- only ask if they answered yes to item 10
Assessor’s Question: Conecta su tuberías a un tanque séptico? Yes____No____
Categorical Response
 Yes
 Doesn’t
 No
know
12 . Knows location of septic tank- only ask if they answered yes to item 10
Assessor’s Questions
 ¿Sabe la situación de su tanque séptico? Yes____No____
 Ponga la situación general aquí _____________________
Categorical Response
 Yes
 No
16. Septic tank overflow in past year- only ask if they answered yes to item 10
Assessor’s Questions: En el año pasado, se ha producido una filtración de aguas residuales
alrededor de su casa debido a un desbordamiento de fosas sépticas? Yes____No____
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Categorical Response
 Yes
 No
 Doesn’t know
17. Diarrhea and Gastrointestinal Upset
Assessor’s Questions
 Durante las últimas dos semanas, había alguien en su casa que tenía dos o más
heces en el mismo día? Yes___No___
 Durante las últimas dos semanas, había alguien en su casa que tenía sangre en su
excrementos? Yes___No___
Categorical Response
 Yes to diarrhea
 No diarrhea
 Doesn’t know
18. Plant Medicine-Health Related
Assessor’s Questions
¿Usa plantas para medicina? Yes____No____
If yes:
En su opinión, Cuáles son los cinco plantas más importantes que podría usar para el uso
medicinal?
______________________________________________________________________________
______________________
________________________________________________________________________
___________________________


¿Cuando alguien en su familia tiene una enfermedad usual, hay ciertas plantas o
remedios que use para tratarla? Yes____No____
If yes, Qué son?______________________________________________________________
Hay plantas especificas, o una combinación de ellas que usa para al funcionamiento del
estómago como diarrea?
 _______________________________________________________________
 Has tenido pega? Yes____No____
o Como lo tratas? ____________________________________________

¿Tiene algunos comentarías que quiera compartir con nosotros?
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Appendix E: Community Letter of Support

Translated by Kimberly Lutz on 2-24-2012
21-02-2012
The Health Committee Ebais Iroquois greets you very respectfully, wishing you success
in 2012. It’s on record that Ms. Lori Unruh [Snyder]of Purdue University from the United States
will offer her help in our community, with the buying of materials and water filters. The Iroquois
community has scarce resources, so our development is dependent on the help of people who
come to donate their time.
Last year we counted on the help of the much distinguished Purdue University which Dr.
Lori Unruh [Snyder] belongs to.
This community is home to 800 habitants, who will be the recipients of the best help
you will bring. We are grateful for the indispensible help that you will bring us in 2012. Many
blessings.

Maritza Venegas Guzman
President
Kattia Perez Perez
Secretary
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Appendix F: Application for IRB Approval

Revised 10/10
Re
f. # ______________

APPLICATION TO USE HUMAN RESEARCH SUBJECTS
Purdue University
Institutional Review Board
1.

Project Title: Sanitation Infrastructure and Short-term Health Effects in a Remote

Costa Rican Community
2.

Full Review

Expedited Review

3.

Anticipated Funding Source: Departmental Scholarship

4.

Principal Investigator [ See Policy on Eligibility to serve as a Principal Investigator for
Research Involving Human Subjects]:
Name and Title
Department, Building,

Phone, FAX, E-mail address
Lori Snyder, Assistant Professor, Agronomy, Lilly Hall, (765) 494-3204,
ljsnyder@purdue.edu
5. Co-investigators and key personnel [See Education Policy for Conducting Human
Subjects Research]:
Name and Title
Department, Building,
Phone, FAX, E-mail address
Travis Sondgerath, First year Master's in Public Health graduate student, Lilly Hall, (260)7292378, tsondger@purdue.edu
6.

Consultants [See Education Policy for Conducting Human Subjects Research]:
Name and Title
Department, Building,

Phone, FAX, E-mail address

7.

The principal investigator agrees to carry out the proposed project as stated in the
application and to promptly report to the Institutional Review Board any proposed
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changes and/or unanticipated problems involving risks to subjects or others
participating in the approved project in accordance with the HRPP Guideline 207
Researcher Responsibilities, Purdue Research Foundation-Purdue University Statement
of Principles and the Confidentiality Statement. The principal investigator has received
a copy of the Federal-Wide Assurance (FWA) and has access to copies of 45 CFR 46 and
the Belmont Report. The principal investigator agrees to inform the Institutional
Review Board and complete all necessary reports should the principal investigator
terminate University association.
___________________________________
_________________________________________
Principal Investigator Signature
8.

Date

The Department Head (or authorized agent) has read and approved the application.
S/he affirms that the use of human subjects in this project is relevant to answer the
research question being asked and has scientific or scholarly merit. Additionally s/he
agrees to maintain research records in accordance with the IRB’s research records
retention requirement should the principal investigator terminate association with the
University.
___________________________________
_________________________________________
Department Head (printed)

Department Name

___________________________________
_________________________________________
Department Head Signature

Date
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APPLICATION TO USE HUMAN RESEARCH SUBJECTS
9. This project will be conducted at the following location(s): (please indicate city &
state)
Purdue West Lafayette Campus
Purdue Regional Campus (Specify):
X
Other (Specify): Iroquois, Costa Rica
10.
If this project will involve potentially vulnerable subject populations, please
check all that apply.
Minors under age 18
Pregnant Women
Fetus/fetal tissue
Prisoners Or Incarcerated Individuals
University Students (PSYC Dept. subject pool ___)
Elderly Persons
Economically/Educationally Disadvantaged Persons
Mentally/Emotionally/Developmentally Disabled Persons
Minority Groups and/or Non-English Speakers
Intervention(s) that include medical or psychological treatment
11.

Indicate the anticipated maximum number of subjects to be enrolled in this protocol as
justified by the hypothesis and study procedures: ___200_________

12.

This project involves the use of an Investigational New Drug (IND) or an Approved
Drug For An Unapproved Use.
YES
NO
Drug name, IND number and company:

13.

This project involves the use of an Investigational Medical Device or an Approved
Medical Device For An Unapproved Use.
YES
NO
Device name, IDE number and company:

14.

The project involves the use of Radiation or Radioisotopes:
YES
NO

15.

Does this project call for: (check-mark all that apply to this study)
Use of Voice, Video, Digital, or Image Recordings?
Subject Compensation? Please indicate the maximum payment amount to
subjects. $
Purdue’s Human Subjects Payment Policy
Participant Payment Disclosure
Form
VO2 Max Exercise?
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More Than Minimal Risk?
Waiver of Informed Consent?
Extra Costs To Subjects?
The Use of Blood?

16.

Total Amount of Blood
Over Time Period (days)
The Use of rDNA or Biohazardous materials?
The Use of Human Tissue or Cell Lines?
The Use of Other Fluids that Could Mask the Presence of Blood (Including Urine
and Feces)?
The Use of Protected Health Information (Obtained from Healthcare
Practitioners or Institutions)?
The Use of academic records?
Does investigator or key personnel have a potential financial or other conflict of interest
in this study?
YES
NO

APPLICATION NARRATIVE
There is no IRB equivalent in the community we will be in. We have however, received
letters of consent to conduct research in the community from the director of the
community’s school as well as from the President of the local community association
group (similar to a town/city council). Attached are the original copies of the letters, as
well as the English translations.
The research team will be well equipped to approach community members. The
primary language spoken in the community is Spanish. Several members of the research
team are able to speak Spanish fluently as well as English. The principle investigator has
also been to this community several times when conducting past project and is very
familiar with local customs and norms.
Investigators will be administering questioners to interviewees (Spanish and English
versions attached), investigators will be expected to strictly adhere to the questionnaire
as written, if changes need to be made they will consult with the principle investigator
who will note any changes. Changes will later be submitted to Purdue’s IRB as
communication is not possible due to the remote nature of the community being
researched.
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Appendix G: IRB Approval
To:

LORI SNYDER LILY

From:

JEANNIE DICLEMENTI, Chair
Social Science IRB

Date:

05/14/2012

Committee Action:

Exemption Granted

IRB Action Date:

05/11/2012

IRB Protocol #:

1204012211

Study Title:
Costa Rican Community

Sanitation Infrastructure and Short-term Health Effects in a Remote

The Institutional Review Board (IRB) has reviewed the above-referenced study application
and has determined that it meets the criteria for exemption under 45 CFR 46.101(b)(2) .
If you wish to make changes to this study, please refer to our guidance “Minor Changes Not
Requiring Review” located on our website at http://www.irb.purdue.edu/policies.php. For
changes requiring IRB review, please submit an Amendment to Approved Study form or
Personnel Amendment to Study form, whichever is applicable, located on the forms page of
our website www.irb.purdue.edu/forms.php. Please contact our office if you have any
questions.
Below is a list of best practices that we request you use when conducting your research. The
list contains both general items as well as those specific to the different exemption categories.
General
• To recruit from Purdue University classrooms, the instructor and all others
associated with conduct of the course (e.g., teaching assistants) must not be present
during announcement of the research opportunity or any recruitment activity. This
may be accomplished by announcing, in advance, that class will either start later
than usual or end earlier than usual so this activity may occur. It should be
emphasized that attendance at the
announcement and recruitment are voluntary and the student’s attendance and
enrollment decision will not be shared with those administering the course.
• If students earn extra credit towards their course grade through participation in a research
project conducted by someone other than the course instructor(s), such as in the example
above, the students participation should only be shared with the course instructor(s) at
the end of the semester. Additionally, instructors who allow extra credit to be earned
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•

•

through participation in research must also provide an opportunity for students to earn
comparable extra credit through a non-research activity requiring an amount of time and
effort comparable to the research option.
When conducting human subjects research at a non-Purdue college/university,
investigators are urged to contact that institution’s IRB to determine requirements for
conducting research at that institution.
When human subjects research will be conducted in schools or places of business,
investigators must obtain written permission from an appropriate authority within the
organization. If the written permission was not submitted with the study application
at the time of IRB review (e.g., the school would not issue the letter without
proof of IRB approval, etc.), the investigator must submit the written permission to the IRB prior to
engaging in the research activities (e.g., recruitment, study procedures, etc.). This is an institutional
requirement.

Category 1
• When human subjects research will be conducted in schools or places of business, investigators
must obtain written permission from an appropriate authority within the organization. If the
written permission was not submitted with the study application at the time of IRB review (e.g., the
school would not issue the letter without proof of IRB approval, etc.), the investigator must submit
the written permission to the IRB prior to engaging in the research activities (e.g., recruitment,
study procedures, etc.). This is an institutional requirement.
Categories 2 and 3
• Surveys and questionnaires should indicate
° only participants 18 years of age and over are eligible to participate in the research; and
° that participation is voluntary; and
° that any questions may be skipped; and
° include the investigator’s name and contact information.
• Investigators should explain to participants the amount of time required to participate.
Additionally, they should explain to participants how confidentiality will be maintained or if it
will not be maintained.
• When conducting focus group research, investigators cannot guarantee that all participants in the
focus group will maintain the confidentiality of other group participants. The investigator should
make participants aware of this potential for breach of confidentiality.
• When human subjects research will be conducted in schools or places of business, investigators
must obtain written permission from an appropriate authority within the organization. If the
written permission was not submitted with the study application at the time of IRB review (e.g., the
school would not issue the letter without proof of IRB approval, etc.), the investigator must submit
the written permission to the IRB prior to engaging in the research activities (e.g., recruitment,
study procedures, etc.). This is an institutional requirement.
Category 6
• Surveys and data collection instruments should note that participation is voluntary.
• Surveys and data collection instruments should note that participants may skip any questions.
• When taste testing foods which are highly allergenic (e.g., peanuts, milk, etc.) investigators
should disclose the possibility of a reaction to potential subjects.

